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Description 

DATA DRIVER USED IN A 
CURRENT-DRIVING DISPLAY DEVICE 

Background of Invention 
[000 1 ] 1. Field of the Invention 

[0002] The invention relates to a data driver used in a current- 
driving display device, and more particularly, to a current- 
storing/reproducing data driver including a current stor- 
ing/reproducing module. 

[0003] 2. Description of the Prior Art 

[0004] n QLED (Organic Light Emitting Device, OLED) display can 
be designed as a thin, flat panel display device. The OLED 
display can be found in a plethora of electronic goods, 
ranging from notebook computers and digital cameras, to 
flight avionics and medical diagnostic tools. OLEDs offer 
crisp, high-resolution images, and have the primary ad- 
vantage of offering relatively low power-consumption 
rates while still maintaining good color contrast and 



screen refresh rates. The OLED is an electrically driven 
lighting element having a brightness that depends on the 
magnitude of a related current. At present, the magnitude 
of the brightness (which is also called the gray-scale 
value) is controlled by the magnitude of the OLED driving 
current in an application OLED matrix display. 
[0005] B ase upon the driving method, the matrix display can be 
classified as either a passive matrix or an active matrix 
display. Passive matrix displays adopt the method of driv- 
ing the scan lines of the display in sequence, driving pix- 
els in different rows sequentially. Since the light-emitting 
time of each pixel is restricted by the scanning frequency 
and the numbers of scan lines, the passive matrix method 
is not suitable for large-sized and high dots-per-inch 
(dpi) displays. Active matrix displays, however, possess an 
independent pixel circuit for each pixel, which is de- 
scribed in Fig.l, which is a schematic diagram of a pixel 
20. The present embodiment of the pixel 20includes a ca- 
pacitor CI, an OLED D, and a plurality of MOS transistors 
or TFTs (Thin -film Transistors) T1-T4. With this arrange- 
ment, even in large-sized and high dpi displays, a steady 
driving current I is provided for each pixel, which im- 
proves the brightness balance. 



[0006] For achieving advantages of power saving, integrity, and 
cost effectiveness, more OLED systems adopt the digital 
type as an input data type so that the digital-to-analog 
converter should be involved in the data driver. In addi- 
tion, the brightness of the OLED display is controlled by 
current. Therefore, the digital-to-analog process should 
be achieved by a digital-to-analog current converting cir- 
cuit to convert digital data into an analog current signal. 
The corresponding pixel is also a current-driving pixel as 
the pixel 20 shows in Fig.l. Please refer to Fig. 2, which is 
a functional block diagram of a prior-art data driver 10. 
The data driver 10 corresponds to the pixel 20 of a dis- 
play device as shown in Fig.l. The data driver 10 iincludes 
alevel shifter 12, a latch 14, a shift register 16, and a digi- 
tal-to-analog current converter 18. The level shifter 12 is 
used to adjust the potential levels of a received digital 
signal (a6-bit digital signal), and the latch 14 is electri- 
cally connected to the level shifter 12 for storing and 
buffering the digital signal. The latch 14 can temporarily 
sstore the6-bit the digital signal so that the latch 14 is a 
6-bit latch. The shift register 16 can be used to generate 
a shift-register signal to transmit the digital signal to the 
level shifter 12 at one time. Afterwards, the level shifter 



12 will execute the potential-level adjusting and buffering 
functions and transmit the digital signal to the latch 
14.The digital-to-analog current converter 18 is con- 
nected to the latch 14 for receiving the digital signal out- 
putted from the latch 14. The digital-to-analog current 
converter 18 can be used to transform the digital data 
into an analog current signal and to output the analog 
current signal to a data line 19. According to the ampli- 
tude of the analog current signal, the gray colors of the 
display panel can be determined. 
[0007] Taking a display panel with 4-bit input digital data as an 
example, J. Kanicki et.al. (U. of Michigan, USA) has dis- 
closed a simple digital-to-analog current converter in- 
stalled with a set of TFTs (Thin Film Transistors) with a 
width-to-length ratio assigned as 1:2:4:8 and a current 
source to generate 16 current gray scales, I. Please refer 
to Fig. 3, which is a schematic diagram of an embodiment 
of a prior-art digital-to-analog current converter 18. The 
digital-to-analog current converter 18 is composed of a 
plurality of transistors T5-T9. Due to that the 16 current 
gray scales rely on 4 (1:2:4:8) TFTs T6-T9, any fluctuation 
of threshold potential level and mobility in each TFT will 
generate significant variation to affect the current gray 



scales. Furthermore, the quality of the corresponding 
panel will be influenced. In addition, because the output 
impedance of the digital-to-analog current converter 18 
is not high enough, the output potential level will be af- 
fected by a current flow passing the digital-to-analog 
current converter 18. Therefore, when the digital- 
to-analog current converter 18 is connected to the corre- 
sponding pixel, the output current may not be a stable 16 

gray-scale current. 
Summary of Invention 

[0008] it is therefore a primary objective of the claimed invention 
to provide a current storing/reproducing data driver to 
conduct a stable duplicate current ssignal ina reproduc- 
ing/sustaining status to solve the above-mentioned prob- 
lems. 

[0009] According to the claimed iinvention, adata driver used in a 
current-driving display device for receiving a digital signal 
and for outputting a gray-scale current signal to drive a 
data line of the display ddevicesddisclosed. Thedata driver 
comprises a digital-to-analog current converter for trans- 
forming the digital signal into an analog current signal; a 
current storing/reproducing module for storing a prede- 
termined voltage required for conducting the analog cur- 



rent signal in a transforming/storing status, and for con- 
ducting a duplicate current signal to the data line in a re- 
producing/sustaining status; and a control circuit electri- 
cally connected between the digital-to-analog current 
converter and the current storing/reproducing module for 
providing a switch between the transforming/storing sta- 
tus and the reproducing/sustaining status; wherein the 
duplicate current signal is the gray-scale current signal, 
and the duplicate current signal is almost equal to the 
analog current signal. 
[0010] According to the claimed invention, a data driver used in a 
current-driving display ddevice forreceiving a digital sig- 
nal and for driving a data line of the display device is 
ddisclosed. Thedata driver comprises at least a level 
shifter for adjusting voltage levels of the digital signal; a 
current-steering digital-to-analog current converter elec- 
trically connected to the level shifter for transforming the 
digital signal into an analog current signal; a current stor- 
ing/reproducing module for storing a predetermined volt- 
age required for conducting the analog current signal in a 
transforming/storing status, and for conducting a dupli- 
cate current signal to the data line in a reproducing/sus- 
taining status, wherein the duplicate current signal is 



generated by the predetermined voltage; and a control 
circuit electrically connected between the digital- 
to-analog current converter and the current storing/ 
reproducing module for providing a switch between the 
transforming/storing status and the reproducing/sustain- 
ing status; wherein the duplicate current signal is almost 
equal to the analog current signal. 
[0011] These and other objectives of the present invention will no 
doubt become obvious to those of ordinary skill in the art 
after reading the following detailed description of the pre- 
ferred embodiment, which is illustrated in the various fig- 
ures and drawings. 
Brief Description of Drawings 

[0012] pig.l is a schematic diagram of a pixel according to the 
prior art. 

[0013] pig. 2 is a functional block diagram of a data driver ac- 
cording to the prior art. 

[0014] pig. 3 is a schematic diagram of an embodiment of a prior- 
art digital-to-analog current converter as shown in Fig. 2. 

[0015] Fig. 4 is a functional block diagram of a data driver ac- 
cording to the present invention. 

[0016] Fig. 5 is a functional block diagram of another data driver 
according to the present invention. 



[0017] pig. 6 is a schematic diagram of a detailed embodiment of 
the digital-to-analog current converting ccircuit ina 
transforming/storing status. 

[0018] pig. 7 is a schematic diagram of a detailed embodiment of 
the digital-to-analog current converting ccircuit ina re- 
producing/sustaining status. 

[0019] Fig. 8 is a functional block diagram of a practical embodi- 
ment of the data driver according to the present inven- 
tion. 

[0020] Fig. 9 is a functional block diagram of another practical 

embodiment of the data driver according to the present 

invention. 
Detailed Description 

[0021] please refer to Fig. 4, which is a functional block diagram 
of a data driver 30 according to the present invention. The 
data driver 30 corresponds to a pixel 40 of a display dde- 
vice. Thedata driver 30 iincludeslevel shifter 32, a shift 
register 36, a digital-to-analog current converter 38, a 
current storing/reproducing module 42, and a control cir- 
cuit 44, wherein the digital-to-analog current converter 
38, the current storing/reproducing module 42, and the 
control circuit 44 can be treated as a novel digital- 
to-analog current converting circuit 34. The level shifter 



32 is used to adjust the potential levels of a received digi- 
tal signal (a6-bit digital signal)and to buffer the digital 
signal. The shift register 36 can be used to generate a 
shift-register signal SRand a switch signal SW. The shift- 
register signal SR is used to transmit the digital signal to 
the level shifter 32 at one time, and the level shifter 32 
can execute adjusting and buffering functions and then 
deliver the digital signal to the digital-to-analog current 
converter 38. The digital-to-analog current converter 38 
is used to transform the received digital signal into an 
analog current signal, and the current storing/repro- 
ducing module 42 is used to store a predetermined volt- 
age required for conducting the analog current signal in a 
transforming/storing status and conduct a duplicate cur- 
rent signal to a data line 39 in a reproducing/sustaining 
status. The switch operation between transforming/stor- 
ing status and reproducing/sustaining status is achieved 
by the switch signal SW and the control circuit 44.The data 
line 39 is connected to the pixel 40. The data driver 30 is 
used to control the gray colors of the display panel ac- 
cording to the duplicate current signal, which is aa 
grayscale current signal. 
[0022] please notice that, in the present embodiment, the quan- 



tity of the level shifter 32 should not be limited. When be- 
ing implemented, the level shifter 32 can be replaced by a 
latch circuit. Moreover, the switch signal SW can be gener- 
ated by the shift register or other control mmodule. 
Pleaserefer to Fig. 5, which is a functional block diagram of 
another embodiment of the data driver 30 as shown in 
Fig. 4. The only difference between the embodiments in 
Fig. 4 and Fig. 5 is that the switch signal SW shown in Fig. 5 
is generated by other external control module instead of 
the shift register 36 shown in Fig. 4. 
[0023] please refer to Fig. 6, which is a schematic diagram of a 
detailed embodiment of the digital-to-analog current 
converting circuit 34 as shown in Fig. 4 and Fig. 5. The dig- 
ital-to-analog current converter 38 is a current-steering 
digital-to-analog current converter 38 wwith higher out- 
put impedance for preventing the influence of the current 
flow of the digital-to-analog current converter 38. The 
control circuit 44, which is electrically connected between 
the digital-to-analog current converter 38 and the current 
storing/reproducing module 42, can be conceptually 
composed of two transistors T10, Til. The control circuit 
44 is used to rreceive aswitch signal SW, and to switch the 
digital-to-analog current converting circuit 34 between 



the transforming/storing status and the reproducing/sus- 
taining status according to the switch signal SW. In addi- 
tion, the current storing/reproducing module 42 of the 
present embodiment includes a capacitor C and a plurality 
of MOS (Metal-Oxide Semiconductor) transistors, wherein 
the capacitor C is used to store the predetermined voltage 
required for conducting the analog current signal. After 
being provided with some proper external voltage 

N-l 

sources, current sources(i, 2L..2 i), data input (DO, 
D1...DN-1), and ground level, the digital-to-analog cur- 
rent converting circuit 34 can operate well. 
[0024] please continue to refer to Fig. 6. When the switch signal 
SW received by the control circuit 44 is at a high potential 
level, the digital-to-analog current converting circuit 34 is 
in the transforming/storing status. The digital signal will 
be transformed into a corresponding analog current signal 
by the digital-to-analog current converter 38. In the 
transforming/storing status, the transistor Til is turned 
off, and the control circuit 44 will disconnect the route to 
the data line 39 and turn on the transistor T10 to connect 
the digital-to-analog current converter 38 to the current 
storing/reproducing module 42. The analog current signal 
(the arrow Ic) will be conducted into the current storing/ 



reproducing module 42.The analog current signal will 
pass the capacitor C and the PMOS transistor T in the cur- 
rent storing/reproducing module 42 to make the capaci- 
tor Cstore the predetermined voltage required for con- 
ducting the analog current signal. Therefore, in the 
present embodiment, the predetermined voltage is a 
gate-to-ssource voltagedrop (Vgs) of the PMOS transistor 
T. Please notice that the current storing/reproducing 
module 42 can be composed of MOS transistors or TFTs. 
Actually, the type of transistors should not be limited, and 
the combination among the transistors and the capacitor 
C is flexible. With different circuit combinations, the de- 
sign of potential level of the switch signal SW can be ad- 
justed. 

[0025] when the switch signal SW goes back to a low potential 

level, the digital-to-analog current converting circuit 34 is 
in the reproducing/sustaining status. The operation re- 
lated to the digital-to-analog current converting circuit 34 
in the reproducing/sustaining status can refer to Fig. 7, 
which is a functional block diagram of another embodi- 
ment of the digital-to-analog current converting circuit 
34 as shown in Fig. 6. Fig. 7 also shows the condition of 
the digital-to-analog current converting circuit 34 in the 



reproducing/sustaining status. In the present embodi- 
ment, after the control circuit 44 executes the corre- 
sponding switch function (the switch signal SW switches 
from the high potential level to the low potential level), the 
transistor Til is turned on, and the current storing/ 
reproducing module 42 will conduct a duplicate current 
signal to the data line 39 in the reproducing/sustaining 
status. When the digital-to-analog current converting cir- 
cuit 34 is in the reproducing/sustaining status, the control 
circuit 44 (used to receive the low-potential-level switch 
signal SW) will disconnect the route between the digital- 
to-analog current converter 38 (by turning off the transis- 
tor T10) and the current storing/reproducing module 42. 
Then the duplicate current signal will be conducted to the 
data line 39 to drive the data line 39 and the correspond- 
ing pixel 40. The duplicate current signal is generated by 
the predetermined voltage previously stored in the current 
storing/reproducing module 42 in the transforming/stor- 
ing status. Due to that the predetermined voltage is re- 
quired to conduct the analog current signal, the duplicate 
current signal is almost equal to the analog current signal 
generated by the digital-to-analog current converter 38. 
Please notice that the type of transistors should not be 



limited, and the combination among the transistors and 
the capacitor C is flexible. With different circuit combina- 
tions, the design of potential level of the switch signal SW 
can be adjusted. Moreover, the directions of the current 
flow described in Fig. 4 to Fig. 6 is relative. The direction of 
the current flow in the reproducing/sustaining status rep- 
resents that the digital-to-analog current converting cir- 
cuit 34 plays a role as a current source. If the direction of 
the current flow is designed reversed, the system should 
be designed with corresponding modifications. 
[0026] The above-mentioned data driver can be viewed as "a 
grade data driver" corresponding to a pixel. However, 
when being implemented, each grade data driver of pixel 
corresponds to more than a pixel, that is, a data line is 
connected to a plurality of pixels. In addition, if we want 
to apply the data driver of the present invention to a "ma- 
trix display", the best solution is providing a structure of 
"a plurality of grades of data drivers". Please refer to Fig. 8, 
which is a functional block diagram of a practical embodi- 
ment of a data driver 50 according to the present inven- 
tion. The data driver 50 is applied in a display device 60, 
and the display device 60 can be anO LED display device, 
a PLED display device, or other current-driving display de- 



vices. The display device 60 includes a shift register 56, a 
plurality of grades of data drivers 50, a plurality of pixels 
70corresponding to the plurality of grades of data drivers 
50, aand aplurality of scan Iines68 corresponding to the 
plurality of pixels 70. TThe pluralityof pixels 70 are ar- 
ranged in a matrix form. Each data driver 50 has the same 
characteristics with the above-mentioned embodiments 
described in Fig. 4 to Fig. 7. Each data driver 50includes a 
level shifter 52, a digital-to-analog current converter 58, 
a current storing/reproducing module 62, and a control 
circuit 64. Each pixel 70 is a current storing/reproducing 
pixel 70, and each switch signal SW can be generated ei- 
ther by the shift register 56 in the present embodiment or 
by other control devices. When a switch signal SW is at a 
low potential level, the corresponding data driver 50 is in 
a reproducing/sustaining status. The switch signal SW will 
disconnect the route to the digital-to-analog current con- 
verter 58 and connect the route to the corresponding data 
line 69. In the meanwhile, a scan line will start to operate 
(at a high potential level) to turn on the related pixels 70 
coupled to the scan line. Therefore, a transistor connected 
to a capacitor that is stored with a predetermined voltage 
in the current storing/reproducing module 62 of the data 



driver 50 will be turned on to from a route to the data line 
69and the pixels 70. The current storing/reproducing 
module 62 will be used to conduct a current signal whose 
magnitude is almost the same as the original analog cur- 
rent signal. Afterwards, the current signal will be con- 
ducted to the corresponding pixel 70. After the scan line 
is turned off, due to that the pixel 70 is a current storing/ 
reproducing pixel 70, the pixel 70 will reproduce a dupli- 
cate current signal and conduct the duplicate current sig- 
nal to an OLED or a PLED in the pixel 70. Therefore, the 
OLED or the PLED can maintain its illuminating operation 
until the corresponding scan line 68 is turned on a next 
time. 

[0027] when being implemented, the level shifter 52 or the latch 
as sshown inFig.8 can be placed outside the data driver 
50, so that the plurality of grades of the data drivers50 
can sshare thelevel shifter 52 or the latch. The related 
structure can refer to Fig. 9, which is a functional block di- 
agram of another embodiment of the display device 60 as 
shown in Fig. 8. Actually, the quantity of level shifter 52 
(or latch) should not be limited. 

[0028] The data driver of the present invention includes a cur- 
rent-steering digital-to-analog current converter, and has 



a current-storing/reproducing function by being installed 
with a current storing/reproducing module and a corre- 
sponding control circuit so that the data driver can be 
used to store a predetermined voltage in a transforming/stor- 
ing status and to conduct a stable gray-scale current in a 
reproducing/sustaining status. 
[0029] Those skilled in the art will readily observe that numerous 
modifications and alterations of the device and method 
may be made while retaining the teachings of the inven- 
tion. Accordingly, the above disclosure should be con- 
strued as limited only by the metes and bounds of the ap- 
pended claims. 



